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(54) Cast, dual alloy turbine disk and methods of forming the same

(57) Cast dual alloy turbine rotor disk and method of
forming the same are provided. The disk includes a ring
(104) and a blade (106). The ring (104) comprises a su-
peralloy that includes a plurality of elements, and the

blade (106) extends from the ring. The blade (106) com-
prises a non-metallic ceramic matrix composite, and at
least one element from the superalloy of the ring (104)
is diffused into the non-metallic ceramic matrix composite
of the blade.
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Description

TECHNICAL FIELD

[0001] The inventive subject matter generally relates
to turbine rotor disks and more particularly relates to
methods of forming bi-cast turbine rotor disks.

BACKGROUND

[0002] Gas turbine engines may be used to power var-
ious types of vehicles and systems, such as air or land-
based vehicles. In typical gas turbine engines, com-
pressed air generated by axial and/or radial compressors
is mixed with fuel and burned, and the expanding hot
combustion gases are directed against stationary turbine
vanes in the engine. The gas flow deflects off of the vanes
and impinges upon turbine blades of a turbine rotor disk.
A rotatable turbine disk or wheel, from which the turbine
blades extend, spins at high speeds. Gas turbine engines
used in aircraft use power created by the rotating disk to
draw more air into the engine and to pass high velocity
combustion gas out of the gas turbine aft end to produce
a forward thrust. Other gas turbine engines may use the
power to turn a propeller or an electrical generator.
[0003] The engines may incorporate dual alloy turbine
rotor disks. A dual alloy turbine rotor disk may include
airfoils and outer rim rotor portions made of a first material
having a desired characteristic and a hub made of a sec-
ond material having another desired characteristic. For
example, the airfoils and outer rim portions may include
an alloy having relatively high creep rupture strength at
the high temperatures, while the hub may be made of
another alloy having high tensile strength and low-cycle-
fatigue resistance properties.
[0004] To produce the dual alloy turbine rotor disks, a
unitary blade ring made up of a ring of the airfoils is typ-
ically formed. The hub, which is fabricated separately
from the blade ring, is then hot isostatically pressed, or
otherwise bonded thereto. Manufacturing the dual alloy
turbine rotor disk in the aforementioned manner has been
relatively cost efficient and simple to perform.
[0005] Although the aforementioned dual alloy turbine
rotor disks and manufacturing processes have several
advantages, they may be improved. In some engines,
for example, it would be desirable to operate turbine rotor
disks at gas temperatures that may be near or above an
incipient melting point of the rotor disk material(s). How-
ever, when subjected to these gas temperatures, the al-
loys may not exhibit the characteristics for which they
were initially selected. Additionally, as the demand for
more efficient and lightweight engines increases, inclu-
sion of a dual alloy turbine rotor disk into an engine may
not be feasible, as such rotors may be relatively heavier
than conventional rotors.
[0006] Hence, there is a need for a turbine rotor disk
that may be used in extreme high temperatures. Moreo-
ver, it is desirable for the turbine rotor disk to be relatively

inexpensive, lightweight, and simple to manufacture.

BRIEF SUMMARY

[0007] In one embodiment, a bi-cast turbine rotor disk
includes a ring and a blade. The ring comprises a super-
alloy that includes a plurality of elements, and the blade
extends from the ring. The blade comprises a non-me-
tallic ceramic matrix composite, and at least one element
from the superalloy of the ring is diffused into the non-
metallic ceramic matrix composite of the blade.
[0008] In another embodiment, a method of forming a
bi-cast turbine rotor disk includes forming a blade from
a non-metallic ceramic matrix composite, placing an end
of the blade in a ring segment mold that is configured to
form an arc segment of a ring section of the turbine rotor
disk, and performing a casting process with the ring seg-
ment mold to form the arc segment of the turbine rotor
disk from a superalloy.
[0009] In yet another embodiment, a method of forming
a bi-cast turbine rotor disk includes forming a plurality of
blades from a non-metallic ceramic matrix composite,
placing an end of each blade in a ring mold configured
to form a ring of the turbine rotor disk, and performing a
casting process with the ring mold to form the ring of the
turbine rotor disk from a superalloy, to thereby diffuse at
least one element from the superalloy into the non-me-
tallic ceramic matrix composite of the blades.
[0010] Furthermore, other desirable features and char-
acteristics of the inventive subject matter will become
apparent from the subsequent detailed description of the
inventive subject matter and the appended claims, taken
in conjunction with the accompanying drawings and this
background of the inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The inventive subject matter will hereinafter be
described in conjunction with the following drawing fig-
ures, wherein like numerals denote like elements, and
wherein:
[0012] FIG. 1 is a perspective view of a turbine rotor
disk, in accordance with an embodiment;
[0013] FIG. 2 is a cross section view of the turbine rotor
disk 100 of FIG. 1 taken along line 2-2, according to an
embodiment;
[0014] FIG. 3 is a flow diagram of a method of forming
a bi-cast turbine rotor disk, according to an embodiment;
and
[0015] FIG. 4 is a flow diagram of a method of forming
a bi-cast turbine rotor disk, according to another embod-
iment.

DETAILED DESCRIPTION

[0016] The following detailed description is merely ex-
emplary in nature and is not intended to limit the inventive
subject matter or the application and uses of the inventive
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subject matter. Furthermore, there is no intention to be
bound by any theory presented in the preceding back-
ground or the following detailed description.
[0017] FIG. 1 is a perspective view of a turbine rotor
disk 100, according to an embodiment. The turbine rotor
disk 100 can be employed in a front end of an engine
and may be exposed to temperatures greater than 2100°
C. Alternatively, the turbine rotor disk 100 can be em-
ployed in a back end of the engine and may be exposed
to lower temperatures. In any case, the turbine rotor disk
100 has a hub 102, a ring 104, and a plurality of blades
106 configured to withstand a wide range of tempera-
tures. Generally, the hub 102 is disk-shaped and sur-
rounded by the ring 104. The hub 102 and ring 104 are
diffusion-bonded together and are generally formed from
superalloy materials. Both components can comprise the
same material or can be formed from materials that vary
in composition. Suitable materials for fabricating the hub
102 and/or the ring 104 include, but are not limited to,
powder metallurgy superalloys, nickel-based superalloy
materials such as INCO718, INCO738, MAR-M-247EA,
MAR-M-247DS, SC180, Titanium-based superalloy ma-
terials such as Ti-6-2-4-2, Ti-6A1-2Sn-4Zr-2Mo, IMI 834,
and Ti 1100, and Ti-6-4. The hub 102 and/or ring 104
can be cast into equiaxed, directionally solidified, or sin-
gle crystal components. The blades 106 extend radially
outward from the ring 104.
[0018] FIG. 2 is a cross section view of the turbine rotor
disk 100 of FIG. 1 taken along line 2-2, according to an
embodiment. The blades 106 and ring 104 are bi-cast
together. Each blade 106 has an airfoil 108 and a blade
attachment section 110, and the ring 104 is metallurgi-
cally bonded to the blade attachment section 110 and/or
compositional elements of ring 104 are infused into the
pores of the blade attachment section 110. To maintain
positioning of the blades 106 relative to the ring 104, the
blades 106 can be, in some cases, mechanically held
within the ring 104. For example, rather than having a
shaft configuration, the blade attachment section 110 can
include an projection 112 (shown in phantom) for trapping
a portion of the blade 106 in the ring 104. In addition to
mechanically maintaining the blade 106 within the ring
104, the projection 112 can serve to cool the blade 106
in some embodiments. For example, the projection 112
can be configured to be in contact with a cooling air flow-
path. In an embodiment, the projection 112 has a surface
114 that is flush with a surface of the ring 104. Alterna-
tively, the projection 112 extends a distance away from
the ring 104.
[0019] The blades 106 are formed from ceramic matrix
composites such as silicon carbide fiber and silicon car-
bide matrix. As noted previously, the ring 104 is metal-
lurgically bonded to the blade attachment section 110
and/or compositional elements of ring 104 are infused
into the pores of the blade attachment section 110 and
thus, elements from the superalloy of the ring 104 diffuse
into the ceramic matrix composite of the blades 106. Al-
though 24 total blades 106 are shown, the total number

of blades can vary for other turbine rotor disk blade con-
figurations.
[0020] FIG. 3 is a flow diagram of a method of forming
the turbine rotor disk 100, according to an embodiment.
First, one or more blades 106 are formed from a non-
metallic ceramic matrix composite, step 302. The non-
metallic ceramic matrix composite comprises fiber and
non-fiber materials, generally. Suitable materials forming
the non-metallic ceramic matrix composite include, but
are not limited non oxide CMC’s (silicon carbide fibers
and silicon carbide matrix, silicon carbide fibers and crys-
talline matrix, carbon fibers and carbon matrix, carbon
fibers and silicon carbide matrix) and oxide CMC’s (alu-
mina fibers and alumina matrix, alumina fibers and alu-
mina/mulite matrix). In an embodiment, the fiber and non-
fiber materials are provided separately. The fiber mate-
rials are placed in a mold having an inner surface con-
toured to provide the shape of an outer surface of the
blade. The mold can be configured for forming a blade
having an airfoil and a blade attachment section. The
airfoil may be configured similar to airfoil 108 of FIG. 1
and the blade attachment section can be configured sim-
ilar to blade attachment section 110 of FIG. 2. In another
embodiment, the blade attachment section of the mold
includes an projection. The projection can be configured
similar to projection 112 of FIG. 2.
[0021] According to an embodiment, the fiber materi-
als are woven into a fabric and the fabric is used to line
the inner surfaces of the mold. In either embodiment, the
non-fiber materials are provided in powder, vapor, or liq-
uid form and are disposed within the mold. In another
embodiment, the fiber materials are combined with the
non-fiber materials and a quantity of the non-metallic ce-
ramic matrix composite is placed in the mold the blade
is removed from the mold and, if desired machined to
include openings or to improve aerodynamic features of
the blade. It will be appreciated that step 203 is repeated
as desired to form the desired total number of blades.
[0022] Next, an end of the blade is placed in a ring
segment mold configured to form an arc segment of a
ring section of the turbine rotor disk, step 304. In accord-
ance with an embodiment, the blade end comprises a
blade attachment section and is disposed appropriately
within the ring segment mold.
[0023] A casting process is performed with the ring
segment mold to form an arc segment of the turbine rotor
disk from a superalloy, step 306. Specifically, wax is in-
jected into the ring segment mold to form a wax mold
pattern. A shell made of a heat resistant material, such
as a heat resistant ceramic, and is deposited over the
wax mold pattern by employing any suitable deposition
method. For example, the heat resistant material may be
a slurry and the wax mold pattern may be dipped into the
slurry. In another embodiment, the heat resistant material
may be sprayed onto the wax mold pattern. In any case,
after the shell has been deposited and dried, the wax
mold pattern may be removed therefrom. For example,
the wax mold pattern may be melted and burnt out of the
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shell to remove any residue of the wax mold pattern.
[0024] In an embodiment in which the arc segment
comprises a single crystal material, a seed crystal may
be inserted into the shell. In an embodiment, the seed
crystal may comprise a single crystal superalloy, such
as nickel-base single crystal superalloy seed crystal ori-
ented to define predetermined primary and secondary
crystallographic orientations of the arc segment. In an
embodiment, the predetermined primary orientation may
be selected so that a radial direction of the ring 104 has
the same orientation as that of a blade 106. For example,
both the ring 104 and the blade 106 may have a primary
orientation of [100]. In another embodiment, the prede-
termined secondary orientation of the seed crystal may
be the same as that of a single crystal blade attachment
section 110 to be attached to the ring 104. Although ref-
erence to one seed crystal is made above, it will be ap-
preciated that more may alternatively be used, depend-
ing on the total number of seed cavities that make up the
wax mold pattern.
[0025] Next, the shell is prepared for casting and may
be placed onto a chill plate, a vacuum chamber or in a
mold heater (not shown), such as a furnace. The portion
of the shell not in contact with the chill plate may be pre-
heated to a predetermined temperature above the liquid-
us temperature of a seed crystal material (e.g., the su-
peralloy), while another portion of the assembly contain-
ing the seed crystal material that is attached to the chill
plate may be maintained at a temperature below the
solidus temperature of the seed crystal material. The pre-
determined temperature may be in a range of between
about 25° C to 200° C above the liquidus temperature of
the material from which the arc segment is made, in an
embodiment.
[0026] The arc segment is the formed by melting a su-
peralloy and then pouring the material into the shell. For
example, the superalloy may be deposited into a crucible,
or other suitable container, and heated to a temperature
above the liquidus temperature thereof. In an embodi-
ment, the material may be heated to a temperature in a
range of between about 25° C and 200° C above its liq-
uidus temperature. In other embodiments, the heating
temperature may be higher or lower. The superalloy may
be melted using an induction heating coil, in an embod-
iment. The coil may be used to stir the material as it melts
[0027] The molten superalloy may then be poured into
the shell through a pour cup to form a casting. In an em-
bodiment, after the molten material is poured into the
pour cup, the shell may be removed vertically out of the
mold heater, which may result in a moving thermal gra-
dient that enables directional solidification of the casting.
Directional solidification in the gradient may enable the
seed crystal to grow into the cavities of the shell making
up the arc segment. After the casting has cooled, it may
next be removed from the protective environment and
from the shell.
[0028] Next, the individual arc segments including the
blades are assembled into a ring and bonded together,

step 310. The bonded ring forms a full ring comprising a
plurality of arc segments. In an embodiment, the arc seg-
ments are placed in a bonding fixture and bonded togeth-
er using a known bonding method. In an example, the
arc segments are bonded together by diffusion bonding
with the aid of a differential thermal expansion tooling.
The tooling can comprise a low alpha Mo tooling or an-
other suitable tooling. In another embodiment, conven-
tional brazing may be used to bond the arc segments
together.
[0029] In still another embodiment, the arc segments
are bonded by a transient liquid phase bonding process.
In one particular example, a transient liquid phase ma-
terial is deposited on the bonding surfaces of each arc
segment. The transient liquid phase material includes
melting point depressants and is formulated to melt at a
temperature below the incipient melting temperature of
the single crystal material making up the arc segments.
The transient liquid phase material is applied to the bond-
ing surfaces, such as by sputtering or as a superalloy foil
including the transient liquid phase material. The arc seg-
ments are then loaded into a tooling, such as a thermal
expansion tooling. In another embodiment, the tooling
may be adapted to place the bonding surfaces of adjacent
arc segments into compression. Heat is then applied to
the arc segments to thereby melt the depressant. In par-
ticular, the melting point depressants in the transient liq-
uid phase material diffuse out of the liquid phase into the
adjacent single crystal to thereby raise the melting tem-
perature of the bonded joint. In an embodiment, in which
a thermal expansion tooling is used, the tooling may com-
press the ring of arc segments, which may extrude ex-
cess transient liquid phase material from bond joints prior
to solidification. The ring may be heated using a furnace
or other heating device.
[0030] In still yet other embodiments, bonding may be
accomplished by casting or injecting a molten bonding
alloy into gaps between adjacent arc segments. For ex-
ample, first, the arc segments may be arranged into a
ring in an investment casting mold. In an embodiment,
all of the arc segments may be preheated to a tempera-
ture of about 1100° C �100° C, while subjected to a vac-
uum or an inert gas environment. Alternatively, the arc
segments are assembled into a ring assembly fixture that
limits heating to at least two adjacent arc segments. In
any case, a bonding alloy, such as MARM247, is cast
into the gaps between adjacent arc segments. In an em-
bodiment in which the bonding alloy is cast between two
adjacent preheated arc segments, the other arc seg-
ments remain relatively cold. This process can be repeat-
ed until the entire ring has been bonded.
[0031] Next, the bladed ring is bonded to a hub to form
the turbine rotor disk, step 312. The hub may be formed
by a conventional process, such as by powder metallurgy
or by forging. In an embodiment, as mentioned above,
the hub may comprise a material that is different from
the material from which the ring is made. For example,
the hub may be made of a nickel-based alloy formulated
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to withstand higher stresses and temperatures lower than
those to which the ring will be subjected. In this regard,
the hub may be made of an equiaxed superalloy material,
which may be formed from Alloy 10, Astroloy, or U720,
to name a few.
[0032] An inner diameter of the ring may be machined
to a particular dimension before being bonded to the hub,
and an outer peripheral surface of the hub may be ma-
chined to a particular dimension to improve bonding to
the ring. For example, in an embodiment where the ring
is shrink fit onto the hub, the inner diameter of the ring
may be machined so as to be slightly less than an outer
diameter of the hub. In another embodiment, the inner
diameter of the ring may be substantially equal in size to
the outer diameter of the hub.
[0033] In any case, the ring may be bonded to the hub
using any one of numerous conventional processes. For
example, the ring may be bonded to the hub using heat
and pressure. In still another example, the ring may be
shrink-fitted to the hub, evacuated and the joined surfac-
es sealed, and bonding may occur using a hot isostatic
pressing process. For example, the hot isostatic pressing
process parameters may include pressure, temperature,
and time. After bonding, the turbine rotor disk is subjected
to a heat treatment. In an embodiment, the heat treatment
may occur at temperatures below the bonding tempera-
ture of the ring and the hub.
[0034] FIG. 4 is a flow diagram of a method 400 of
forming the turbine rotor disk 100, according to another
embodiment. First, a desired number of blades to be in-
cluded as part of the turbine rotor disk 100 are formed
from a non-metallic ceramic matrix composite, step 402.
Step 402 is performed in a manner substantially similar
to step 302 of method 300.
[0035] Next, an end of each of the blades formed in
step 402 is disposed in a ring mold, step 404. Step 404
is performed in a manner substantially similar to that de-
scribed in step 304 of method 300, except that the ring
mold is configured to form a complete ring, and appro-
priate portions of each blade are placed at desired loca-
tions within the ring mold.
[0036] A casting process is performed with the ring
mold to form a ring of the turbine rotor disk from a nickel-
based superalloy, step 406.
[0037] In an embodiment in which the ring comprises
single crystal material, , the casting process can include
steps similar to the casting process described above in
step 306 of method 300, except that a plurality of seed
crystals are placed at desired locations within the shell.
As the grains nucleated by the seed crystals grow into
the cavities making up the shell, they eventually bond
together to thereby form the ring. The bonded ring in-
cludes bond lines therebetween. In an embodiment, ad-
jacent grains in the ring have a low-angle grain boundary
therebetween with a predetermined crystallographic mis-
match across the bond lines. An acceptable angle of crys-
tallographic mismatch across a bond line may be deter-
mined by dividing 360 by n, where n is the total number

of arc segments of the ring. For example, the crystallo-
graphic mismatch may be an angle within a range of be-
tween about 6 degrees and about 18 degrees. In other
embodiments, the mismatch may be about 10 degrees.
In still other embodiments, the mismatch may be greater
or less. No matter the nominal mismatch between arc
segment grains within the ring, the angles of crystallo-
graphic mismatch between adjacent grains within the ring
may vary by between about �4°.
[0038] Lastly, the bladed ring is bonded to a hub to
form the turbine disk, step 410. Step 410 is performed in
a manner similar to that described in step 312 of method
300.
[0039] A turbine rotor disk has now been provided that
is improved over conventional turbine rotor disks, such
as dual alloy turbine rotor disks. By forming the blades
from ceramic matrix composites, the turbine rotor disks
may be used in temperatures higher than those to which
conventional turbine rotor disks are exposed. Addition-
ally, the metallurgical bond between the blades and ring
provide improved robustness to the turbine rotor disk.
Moreover, the improved turbine rotor disk is relatively
inexpensive, lightweight, and simple to manufacture as
compared with conventional turbine rotor disks.
[0040] While at least one exemplary embodiment has
been presented in the foregoing detailed description of
the inventive subject matter, it should be appreciated that
a vast number of variations exist. It should also be ap-
preciated that the exemplary embodiment or exemplary
embodiments are only examples, and are not intended
to limit the scope, applicability, or configuration of the
inventive subject matter in any way. Rather, the foregoing
detailed description will provide those skilled in the art
with a convenient road map for implementing an exem-
plary embodiment of the inventive subject matter. It being
understood that various changes may be made in the
function and arrangement of elements described in an
exemplary embodiment without departing from the scope
of the inventive subject matter as set forth in the append-
ed claims.

Claims

1. A bi-cast turbine rotor disk, comprising:

a ring comprising a superalloy including a plu-
rality of elements; and
a blade extending from the ring, the blade com-
prising a non-metallic ceramic matrix composite
and at least one element from the superalloy of
the ring diffused into the non-metallic ceramic
matrix composite of the blade.

2. The bi-cast turbine rotor disk of claim 1, wherein the
metallic ring is metallurgically bonded to the non-
metallic ceramic matrix composite blade and/or the
compositional elements from the metal ring have in-
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filtrated the non-metallic ceramic matrix composite.

3. The bi-cast turbine rotor disk of claim 1, wherein the
blade includes an airfoil and a blade attachment sec-
tion from which the airfoil extends, the blade attach-
ment section disposed in the ring.

4. The bi-cast turbine rotor disk of claim 3, wherein the
blade attachment section includes a projection, and
the projection has a surface that is flush with a sur-
face for the ring for contacting cooling air.

5. The bi-cast turbine rotor disk of claim 1, wherein the
superalloy comprises one of a nickel-based super-
alloy or a titanium-based superalloy.

6. The bi-cast turbine rotor disk of claim 1, wherein the
non-metallic ceramic matrix composite comprises an
oxide fiber and oxide matrix.

7. The bi-cast turbine rotor disk of claim 1, wherein the
non-metallic ceramic matrix composite comprises a
non-oxide fiber and non-oxide matrix.

8. A method of forming a bi-cast turbine rotor disk, the
method comprising:

forming a blade from a non-metallic ceramic ma-
trix composite;
placing an end of the blade in a ring segment
mold configured to form an arc segment of a ring
section of the turbine rotor disk; and
performing a casting process with the ring seg-
ment mold to form the arc segment of the turbine
rotor disk from a superalloy.

9. The method of claim 8, wherein the step of perform-
ing the casting process comprises:

injecting wax into the ring segment mold to form
a wax cast of the arc segment of the turbine rotor
disk;
applying a heat resistant ceramic around the
wax cast to form a shell, the blade extending
from the shell; and
disposing the superalloy in the shell to form the
arc segment of the turbine rotor disk.

10. The method of claim 8, wherein the ceramic matrix
composite includes a fiber material and a non-fiber
material and the step of forming the blade comprises
weaving the fiber material into a fabric, lining a mold
having an inner surface configured to have a blade
shape with the fabric, and placing the non-fiber ma-
terial in the mold.
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